Summary. Concentrations of LH, progesterone, oestradiol-17\g=b\ and androstenedione were measured in serum from blood samples collected from 6 fallow does every hour for 46 h during a spontaneous oestrus. Four does had similar serum hormone profiles, with a pronounced preovulatory LH surge ( \m=~\20 ng/ml) occurring within 4 h of the onset of oestrus, a small elevation (from 0\m=.\1to 0\m=.\3 ng/ml) of progesterone at the onset of oestrus, a gradual but non-significant increase (up to 25 pg/ml) of oestradiol-17\g=b\ and a marked 2-fold increase of serum androstenedione concentrations occurring immediately at the onset of oestrus. The remaining 2 does showed pronounced increases in serum progesterone concentrations at the onset of oestrus and a reduction in the initial LH surge. One of these does exhibited a second preovulatory LH surge within the sampling period.
Introduction
The temporal relationships of pituitary and ovarian hormones around oestrus have been well documented for domestic ruminants such as sheep (Baird, Swanston & McNeilly, 1981) , cattle (Walters & Schallenberger, 1984) and goats (Mori & Kano, 1984) . Hormonal secretion profiles obtained from blood samples collected at daily intervals during the oestrous cycles of roe deer (Schams, Barth & Karg, 1980) , white-tailed deer (McKeown & Sadleir, 1978; Plotka, Seal, Verme & Ozoga, 1980) , red deer (Kelly, McNatty & Moore, 1985) and fallow deer (Asher, 1985) have pro¬ vided some insight into the endocrine control of oestrus and ovulation in cervid species. However, the frequency of blood sampling in these studies was insufficient to determine fully the temporal relationships of the hormones investigated. Furthermore, there have been no previous investi¬ gations on blood androgen concentrations during the oestrous cycle of the deer species mentioned above.
Fallow does are seasonally polyoestrous (Cowan, 1965;  Armstrong, Chaplin, Chapman & Smith, 1969;  Chapman & Chapman, , 1975 Baker, 1973; Asher, 1985) . On New Zealand farms, first oestrus of the breeding season occurs in autumn, towards the end of April, and is synchronized within a 12-day period. In the absence of conception, does will exhibit a second oestrus 21 days later (Asher, 1985) . So far the temporal relationships of pituitary and ovarian hormones involved in these events have not been investigated. This study describes changes in serum concentrations of progesterone, oestradiol-17ß, androstenedione and luteinizing hormone (LH) during the oestrous or preovulatory period of fallow does.
Materials and Methods
Animals and management. Six nonparous, 3-year-old fallow does, run continuously with a vasecto¬ mized buck during the previous year's breeding season (Asher, 1985) , had (Asher, 1985) Progesterone was measured by a radioimmunoassay similar to that described by Fairclough, Hunter & Welch (1975) and has been validated previously for fallow deer serum (Asher, 1985) . The progesterone antiserum (Ruakura R2) was raised in a rabbit against progesterone-11-BSA conju¬ gate and used at a final dilution of 1:3000. The major cross-reaction with other steroids which were tested in the assay was 1-5% with cholesterol, while those for androstenedione, testosterone, oestra¬ diol and other progestagens tested were all < 0-01%. The sensitivity of the standard curve was 003 ng and the intra-and inter-assay coefficients of variation were 6-7% and < 12% respectively.
Oestradiol-17ß was assayed by a method similar to that described by that has been validated for red deer serum (Kelly, McNatty, Moore, Ross & Gibb, 1982) . As with serum from other species, the ether extract of fallow deer serum (10 ml) was routinely subjected to Sephadex LH-20 gel filtration to remove material which interfered in the assay when performed without filtration. The antiserum (Wallaceville-27) used in the assay was raised in an ovariectomized ewe against oestradiol-6-(0-carboxymethyl)-oxime-BSA conjugate and was used at a final dilution of 1:48 000. The major cross-reactions of other steroids in the assay were: oestrone 7-3%, oestriol 1-4%, oestradiol-17a 1-4% and androstenedione 0015%. All samples from an individual were included in a single assay. Low (charcoal-stripped serum from a castrated buck), medium (the same with addition of 50 pg oestradiol-17ß/ml) and high (200 pg oestradiol-17ß/ml) control samples were included in each assay. The inter-assay coefficients of variation were 7-8% for the medium control (n = 6, mean = 45-7 pg/ml) and 4-5% for the high control (n = 6, mean = 181-7 pg/ml). The intra-assay coefficient of variation, calculated from 10 serum samples assayed in duplicate in 5 assays, was 8-7%. The recovery (+ s.d.) of oestradiol-17ß from medium and high control samples (6 determinations) was 91-4 + 7-2% and 90-9 ± 41% respectively. Extraction efficiency for radioactive oestradiol-17ß added to doe serum (10 determinations) was 970 + 31% and the sensitivity of the standard curve was 5 pg.
Androstenedione was assayed by a method similar to that described by Peterson et al (1978) but omitting the Chromatographie step used to separate androgens. The antiserum used in the assay was raised in an ovariectomized ewe against androstenedione-6ß-succinyl-BSA conjugate and was used at a final dilution of 1:4500. The major cross-reaction with other steroids which were tested in the assay was 0-2% with testosterone. All samples from an individual were included in a single assay. A control sample (entire buck serum) was included in each assay. The inter-assay coefficient of variation was 17-4% (n = 7; mean = 395 pg/ml) and the intra-assay coefficient of variation, calculated from 50 duplicates randomly selected across all assays, was 120%. The recovery (+ s.d.) of androstenedione added to charcoal-stripped serum from a castrated buck (10 deter¬ minations) was 74-0 ± 3-0% at 50 pg/ml and 79-8 ± 5-7% at 200 pg/ml. Extraction efficency for radioactive androstenedione added to doe serum (10 determinations) was 81-1 ± 3-4% and the sensitivity of the standard curve was 5 pg.
Luteinizing hormone (LH) concentration in fallow deer serum was determined using a heterolo¬ gous radioimmunoassay procedure described for sheep plasma by Scaramuzzi, Caldwell & Moor (1970) and red deer plasma by Kelly et al (1982) . The ovine pituitary LH preparations used for standards and iodinated tracer were NIH-LH-S11. The LH antibody, which had been raised in a rabbit also using NIH-LH-S11 as the antigen, was used in the assay at a final dilution of 1:200 000. Cross-reactivity with other proteins occurred to the following extent: NIH-P-S12 0-09%, NIH-TSH-S82-4%,NIH-GH-S110-4%, NIH-FSH-S100-4%,NIH-P-B50-16%,ovine ACTH (SchwarzMann) < 001%, ovine serum albumin < 001%, bovine serum albumin < 001%, bovine TSH (Schwarz-Mann) < 001%, human prolactin (VLS4) < 0-01% and human FSH < 001% (after Kelly et al, 1982) . No fallow deer pituitary preparations or standards were available for testing in the above assay system. Nevertheless, serial dilutions of pooled serum samples from oestrous does with high concentrations of immunoreactive LH gave inhibition curves parallel to those generated for NIH-LH-S11 in buffer (Fig. 1) . All samples were included in a single assay and the intraassay coefficient of variation, calculated from 100 duplicates selected at random, was 5-8%. The sensitivity of the standard curve was 0-05 ng NIH-LH-S11/tube. Fig. 3 . Mean serum LH values were basal (~2 ng/ml) until about 1 h before the onset of oestrus, and then they began to increase pro¬ gressively, culminating in peak levels (~2 0 ng/ml) 3 h after the onset of oestrus. These values remained elevated for a further 4 h and thereafter progressively declined to the original basal levels before oestrus (~2 ng/ml) by 13-14 h after the onset of oestrus.
Mean serum progesterone concentrations declined from initial values of 0-2-0-3 ng/ml tõ 0-1 ng/ml 4 h before the onset of oestrus. Thereafter, there was an increase of mean concentrations to~0-25 ng/ml by 1 h and after the onset of oestrus, followed by a further decline to mean levels of 0-1 .ng/ml over the next 8 h.
Mean serum oestradiol-17ß values increased from 11 to 25 pg/ml up to, and 2 h beyond, the onset of oestrus; thereafter they declined to~15 pg/ml. However, at Two does in the trial exhibited serum hormone profiles that were markedly different from those described above. Doe W44 (Fig. 4) (Fig. 4) was notably different from that of any other doe in the study. There was a major surge in serum progesterone concentrations (>50ng/ml), con¬ comitant with that of androstenedione, at the onset of oestrus. Both of these hormone elevations were short-lived (3-4 h) and were followed by a modest serum LH surge (up to~9 ng/ml). Fig. 3 . Arrows indicate the onset of oestrus. ment was highly effective and synchronized oestrus within an 8-h period. Secondly, as has been observed previously for fallow does (Asher, 1985) , the length of the first oestrous cycle was of remarkable uniformity between does. This resulted in the second oestrus being exhibited within a 19-h period.
Four of the does had hormone profiles that were essentially similar and these presumably repre¬ sent normal endocrine relationships throughout oestrus in fallow does. However, in the absence of remote blood sampling methodology which could reduce stress to animals during such studies, the acceptance that the hormone profiles recorded here represent 'normal' changes needs to be treated with some degree of caution. Furthermore, the fact that 2 of the does in this study exhibited serum hormone profiles that were different perhaps implicates stress as having some influence in producing hormonal artefacts.
For the 4 does that exhibited similar serum hormone profiles there is little doubt that the surge of serum LH concentrations immediately after the onset of oestrus represented the 'preovulatory' LH surge, as has been recorded during the peri-oestrous period of other domestic livestock. Similarly, endocrine data from daily blood sampling during the oestrous cycle of roe deer (Schams et al, 1980) , white-tailed deer (Plotka et al, 1980) and red deer (Kelly et al, 1985) occasionally showed LH peaks (> 10 ng/ml) on, or near, the day of oestrus. Failure to observe these LH peaks in some individuals probably reflects the wide interval between samples because, on the basis of the duration of the preovulatory LH surge observed in this study on fallow deer and reported in the literature for other domestic ruminants, the preovulatory LH surge in many cervid species is likely to be < 24 h in duration.
Although basal serum LH concentrations from individual doe profiles showed occasional short-term fluctuations between 10 and 2-5 ng/ml, the hourly blood sampling regimen did not allow precise delineation of LH pulses in fallow deer.
Declining serum progesterone concentrations during the last week of the first oestrous cycle, which are indicative of spontaneous luteolysis, were recorded from all 4 of these does. The increase in serum progesterone concentration during the earlier stages of oestrus, while not a major surge, does raise questions about its source and physiological significance. Wheeler, Baird, Land & Scaramuzzi (1975) reported an increase in plasma progesterone concentrations in the ovarian vein of sheep during the preovulatory LH surge. Likewise, an increase in vena cavai progesterone concentrations, concomitant with the LH surge, has been reported for cattle (Walters & Schallenberger, 1984) . As the preovulatory rise in serum progestrone concentrations in fallow deer appeared to be related to the onset of oestrus rather than the LH surge, it is possible that the event is not analogous to that described for sheep and cattle.
Because of the marked fluctuations throughout the period of hourly blood sampling, a specific elevation of serum oestradiol-17ß concentrations coincident with the start of the preovulatory LH surge and the onset of oestrus was not always apparent. Mean serum oestradiol-17ß concentrations did tend to increase up to, and slightly beyond, the start of these events, although the elevation was not as pronounced as that demonstrated for other domestic ruminants (e.g. Yuthasastrakosol, Palmer & Howland, 1975; Smith, Fairclough, Payne & Peterson, 1975) . In white-tailed deer, although plasma oestradiol-17ß concentrations increased 3-4 days before oestrus, mean values were not significantly different at any stage during the oestrous cycle (Plotka et al, 1980) . Plotka et al. (1980) suggested that changes in the oestradiol-17ß:progesterone ratio over the preovulatory period would explain the temporal relationship of these two hormones during oestrus. This ratio, however, is more a reflection of declining plasma progesterone concentrations than of any changes in plasma oestradiol-17ß values. In contrast to white-tailed deer, red deer exhibited very high con¬ centrations (up to~200 pg/ml) of plasma oestradiol-17ß during the oestrous cycle (Kelly et al, 1985) , although there were no obvious peaks confined to within 1 day of oestrus. It therefore seems that, for at least three species of deer, the role of oestradiol-17ß in stimulating the preovulatory surge of LH and the expression of oestrous behaviour is equivocal.
One (1985) argued that the erratic fluctuations of plasma progesterone concentrations observed on the day of oestrus in red deer may have been due to the presence of a functional 'accessory' corpus luteum which had failed to regress completely. Accessory corpora lutea do not occur in fallow deer (Armstrong et al, 1969; Baker, 1973) and therefore could not be a source of serum progesterone at the onset of oestrus.
Daily blood sampling during the oestrous cycle of these and other fallow does in 1983 did not reveal any high or erratic serum progesterone concentrations at or near the day of oestrus (Asher, 1985) , further indicating the absence of accessory corpora lutea in this species.
While it is possible that the erratic fluctuations of plasma progesterone concentrations observed in cyclic red deer hinds (Kelly et al, 1985) are due to adrenal secretion occurring as a direct con¬ sequence of handling stress, as has been indicated for white-tailed deer (Plotka et al, 1983 ), this argument is not applicable to fallow deer, as short-term elevations of serum progesterone occurred only at the onset of oestrus. However, this event in some fallow deer may possibly be explained by adrenal secretion of the hormone in response to the stimulus of oestrous behaviour.
